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(5 7) Abstract:. 

PROBLEM TO BE SOLVED: To provide a SOI 
(silicon-on-insulator) substrate, which exhibits a 
high gettering ability and a high mechanical 
strength at the time of formation of a 
semiconductor device and to provide a method 
for manufacturing the same. 
SOLUTION: A silicon substrate 1 containing an 
oxygen concentration of 1.5 X 1018 cm-3 or 
more is previously heated to 600-900° C for 
10 minutes or more for forming precipitation 
nucleuses 1 1 of defects. The silicon substrate 1 
and a second silicon substrate 8 and made to 
contact each other via an insulating layer 2 and 
are heated at a high temperature to 1,000° C 
or higher for about 2 hours. The silicon 
substrate 1 and the second silicon substrate 8 
are bonded through the insulating layer 2, 
atoms of oxygen are gathered to the 
precipitation nucleuses 1 1 by heating, and 
crystal defects 1 2 are formed. The second 
silicon substrate 8 is polished to form a SOI substrate 100 comprising a silicon substrate 
1 , an insulating layer 2 and a silicon layer 3. The SOI substrate 1 00 has the function of 
gettering heavy metal impurities contained in the silicon layer 3 for preventing junction 
leakages or reduction in gate breakdown voltage. 
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.1P.2000-031439.A [CLAIMS] 

CLAIMS 



[Claim (s)] 

- [Claim 1] The SOI substrate characterized by the oxygen density of a silicon substrate 
being three or more [ 1.5x10 18cm - ] in the SOI (Silicon On Insulator) substrate which 

, . formed the silicon layer through the insulating layer on the silicon substrate. 
[Claim 2] The manufacture approach of the SOI substrate characterized by including the 
process to which predetermined carries out time amount heat treatment of said silicon 
substrate in 600 degrees C thru/or 800 degrees C, the process which forms said insulating 
layer on said silicon substrate after said process, and the process which forms said silicon 
layer on said insulating layer. 

[Claim 3] The manufacture approach of the SOI substrate according to claim 2 
characterized by said predetermined time amount being 10 minutes or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
40001] 

[Field of the Invention] This invention relates to the SOI substrate which formed the silicon 
. layer through the insulating layer on the silicon substrate, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In the manufacture process of a semiconductor device, 
increase (called the junction leak) of the leakage current in pn junction, proof-pressure 
degradation of gate oxide, etc. resulting from the heavy metal contamination which 
happens into a production process occur. Some gettering. techniques are used as a cure of 
said property, degradation of the semiconductor device by heavy metal contamination. 
Usually, in the silicon wafer manufactured by the CZ raising method, the in thorin chic 
gettering technique in which the deposit of the oxygen . contained in a wafer was used is 
used. 1 000 degrees C - 1 200 degrees C heat treatment is performed to a silicon wafer, out- 
diffusion of the oxygen atom of the front face of this silicon wafer is carried out, surface 
concentration is reduced, and the oxygen atom in a silicon wafer forms a deposit nucleus 
by 600 degrees C - 900 degrees C heat treatment after that. Furthermore, a minute defect 
and a stacking fault are formed in the interior of 1 0 micrometers - 50 micrometers from a 
front face by performing 900 degrees C - 1 200 degrees C heat treatment. 
[0003] These defects form space [ distortion ] and have the property which is easy to fix a 
heavy-metal impurity atom. The technique of reducing [ technique ] the oxygen density on 
the front face of a wafer which forms a component by out-diffusion, and causing 
[ technique ] a deposit of oxygen inside a wafer, and making heavy metal fix is called the 
aforementioned in thorin chic gettering. In recent years, in Power IC and high-speed 
operation LSI which form the control circuit of low pressure-proofing, and the output 
circuit of high pressure-proofing in 1 chip, the SOI substrate which has effectiveness in 
reduction of separation area or the parasitic effect is used. 

[0004] The SOI substrate has structure which formed the silicon layer through the 
insulating layer on the silicon substrate. In order that, as for the silicon layer which forms a 
component, an oxygen density may decrease or less [ 5x1 01 7cm - ] to three by heat 
treatment of the production process of a SOI substrate, a deposit of oxygen does not take 
place into this silicon layer. Therefore, a heavy-metal impurity does not fix in a silicon 
layer. 

[0005] Moreover, a heavy-metal impurity cannot diffuse [ be / it / under / silicon / 
comparing ] the inside of an insulating layer easily. In order for the heavy-metal impurity 
of a silicon layer to pass an insulating layer and to make a silicon substrate fix, it is 
, necessary to heighten the gettering capacity of a silicon substrate sharply. By JP.2-46770, 
A which is a open official report, or JP.8-78646.A, the oxygen density of the silicon layer 
which forms a semiconductor device is made or less [ 101 7cm - ] into three, the defect 
resulting from oxygen is reduced, and the method of improving junction leak and proof- 
pressure degradation of gate oxide is indicated. 

[0006] Moreover, if the oxygen density of a silicon substrate falls, a mechanical strength 
will fall and the curvature of a silicon substrate will increase. In order to prevent this, the 
oxygen density of the silicon substrate which supports a silicon layer is specified as 
1017cm-3-1019cm-3 by JP.2-46770.A, and is specified as 1.0x1 01 8cm-3-5xl018cm-3 by 
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JP.8-78646.A. Furthermore, in JP.2-46770.A, in order to reduce the oxygen density of a 
silicon layer, after combining the 1st silicon substrate and 2nd silicon substrate through an 
insulating layer, before the grinding polish process which carries out grinding polish of the 

-2nd silicon substrate, and is used as a silicon layer, 400 degrees C - 900 degrees C heat 
treatment is performed, and the oxygen atom in the 2nd silicon substrate is diffused to the 

- -insulating layer or the insulating-layer interface. 
[00071 

[Problem(s) to be Solved by the Invention] By JP.2-46770.A which is the aforementioned 
open official report, or JP.8-78646.A, in order to improve the defect resulting from the 
oxygen contained in the silicon layer which forms a semiconductor device, and the fault of 
electrical characteristics, the oxygen density of a silicon layer is specified as mentioned 
above. Moreover, in order to raise the mechanical strength of the SOI substrate which 
comes to join a silicon substrate and a silicon layer together through an insulating layer, 
the oxygen density of a silicon substrate is specified as mentioned above. 
[0008] Furthermore, in JP,8-78646,A, in order to reduce the oxygen density of a silicon 
layer, after combining a silicon substrate and a silicon layer through an insulator layer, 
400 degrees C - 900 degrees C heat treatment has been performed. Although this heat 
treatment is equivalent to heat treatment of the deposit nucleation of the aforementioned 
in thorin chic gettering technique, when the heat treatment concerned is performed after 
combining a silicon substrate and a silicon layer through an insulator layer, the deposit 
nucleus of an oxygen atom is formed also into a silicon layer, and an improvement of the 
electrical characteristics of the formed semiconductor device cannot fully be performed. 
[0009] Moreover, since a defect deposits so. much in a joint interface with an insulating 
layer, a silicon substrate, or a silicon layer, in order for the mechanical strength near the 
joint interface to fall, exfoliation takes place near the interface with a semiconductor device 
formation process. The purpose of this invention solves the aforementioned technical 
problem, and in formation of a semiconductor device, its gettering capacity is strong and is 
for a mechanical strength to offer a powerful SOI substrate and its manufacture approach. 
[0010] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, the oxygen 
density of a silicon substrate is made or more [ 1 .5x 1 0 1 8cm - ] into three in the SOI 
(Silicon On Insulator) substrate which formed the silicon layer through the insulating layer 
on the silicon substrate. It considers as a process including the process to which 
predetermined carries out time amount heat treatment of said silicon substrate in 600 
degrees C thru/or 800 degrees C, the process which forms said insulating layer on said 
silicon substrate after said process, and the process which forms said silicon layer on said 
insulating layer. 

[00 1 1 ] It is good in said predetermined time amount being 1 0 minutes or more. Thus, the 
mechanical strength of the interface of the gettering of a heavy-metal impurity and an 
insulating layer is strengthened by optimizing the oxygen density contained in the silicon 
substrate which is a base material. 
[0012] 

[Embodiment of the Invention] Drawing 1 is the important section sectional view of the SOI 
substrate of the 1st example of this invention. The insulating layer 2 with a thickness of 1 
micrometer - 2 micrometers is formed on a silicon substrate 1, the about 10-micrometer 
silicon layer 3 is formed on this insulating layer 2, and it becomes a SOI substrate. The 
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oxygen density in a silicon substrate 1 is made or more [ 1.5x1 01 8cm - ] into three. The 
defective layer 4 which it is 10 micrometers - 20 micrometers Fukashi, and the defect-free 
layers 5 and 6 spread in a front-face [ which combines a silicon substrate 1 with an 
'insulating layer 2 ], and rear-face side, and originates in oxygen in a center section exists. 
[00 1 3] Drawing 2 is the production process of the SOI substrate of the 2nd example of this 
•invention, and this drawing (a) to this drawing (c) is an important section process sectional 
view shown in order of the process. In this drawing (a), the 3 more than [ 1.5x10 18cm of 
oxygen densities formed by the CZ process to ] silicon substrate 1 and the 2nd silicon 
substrate 8 used as the silicon layer 3 which forms a semiconductor device are prepared. 
The upper limit of this oxygen density is specified by whenever [ dissolution / of the 
oxygen to silicon ]. A silicon substrate 1 carries out 600 degrees C - 900 degrees C and 
heat treatment for 1 0 minutes or more (about 1 hour is desirable) beforehand, and forms 
the deposit nucleus 1 1 of a defect. On the other hand, the 1 micrometer - 2 micrometers 
insulating layers 2 and 7 are formed in the surface layer of the 2nd silicon substrate 8. In 
this drawing (b), a silicon substrate 1 and the 2nd silicon substrate 8 are contacted 
through an insulating layer 2, and ******, a silicon substrate 1, and the 2nd silicon 
substrate 8 are combined for heat treatment through an insulating layer 2 for about 2 
hours at an elevated temperature 1 000 degrees C or more. An oxygen atom forms an 
assembly and a crystal defect 1 2 in the deposit nucleus 1 1 of a silicon substrate 1 by this 
heat treatment. It sets to this drawing (c), and the polish section 13 is ground and removed 
in thickness of 5 micrometers - about 10 micrometers, and let the 2nd silicon substrate 8 
be the silicon layer 3. The SOI substrate 100 which consists of a silicon substrate 1, an 
insulating layer 2, and a silicon layer 3 is done; When it has a lot of crystal defects 1 2 in 
the silicon substrate 1 and forms a semiconductor device in the silicon layer 3, this SOI 
substrate 100 carries out the operation which carries out gettering of the heavy-metal 
impurity contained in the silicon layer 3, and prevents degradation of junction leak or gate 
pressure-proofing. 

[00 1 4] Table 1 shows the relation between the oxygen density in a silicon substrate, defect 
density, an B mode percent defective, and a C mode (rate of an excellent article). 
[0015] 
[Table 1] 



mmmi cm- 1 ) 


>m®m cm- 3 ) 


Bt-K (%) 


(96) 


1.4X10" 


5.0X10 5 


94.4 


5.6 


1.5X10" 


1.0x10 s 


0.0 


100.0 



Usually, the dielectric-breakdown reinforcement of gate oxide is expressed with the field 
strength which broke breakdown voltage by thickness, and a poor B mode and what is 
higher than 8 MV/cm are defined [ thing / lower than 2 MV/cm ] as the C mode (excellent 
article) in the thing of the range of poor A mode and 2 - 8 MV/cm. Poor A mode is initial 
failure and it is a defect who can detect by the rated characteristic test of a semiconductor 
device. A poor B mode is the defect who the defect of a heavy-metal impurity etc. is 
introduced into gate oxide, and cannot detect by the rated characteristic test like poor A 
mode, but is detected by the long-term reliability trial. 

[00 1 6] The B mode percent defective shown in Table 1 measures gate pressure-proofing 
about 500 components, and shows the rate of the component which has field strength in 
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the range of 2 - 8 MV/cm. Moreover, as a measuring method, it is 2 0.5x0.5mm. The MOS 
device in which the gate oxide of 25nm thickness was formed on the silicon layer 3 is 
produced, an electrical potential difference is impressed to the gate oxide of this MOS 

•device, and the leakage current is measured. The electrical potential difference from which 
this leakage current is set to 250nA(s) is considered as destructive pressure-proofing. 

-{0017] When the oxygen density of a silicon substrate was 1.4xl018cm-3, the B mode 
percent defective of the defect density in the silicon layer after semiconductor device 
formation was 90% or more in 5.0x105 cm-3. Moreover, when an oxygen density was 
1. 5x10 18cm-3, defect density became twice, the B mode percent defective became 0%, and 
the C mode (rate of an excellent article) became 1 00%. Therefore, as for the oxygen density 
in a silicon substrate, three or more [ 1.5x1 01 8cm - ] are desirable. In this way, if the SOI ' 
substrate of this invention is used, the dependability of a semiconductor device will 
improve, and the rate of an excellent article will become high, and mass-production nature 
will also improve. 

[00181 Drawing 3 is the important section sectional view of the semiconductor device 
which used the SOI substrate of this invention, this drawing (a) is the semiconductor device . 
of a self-discrete type, and this drawing (b) is the semiconductor device of a dielectric 
discrete/type. In this drawing (a), p channel MOS FET21 and n channel MOS FET22 are 
formed-in the silicon layer 3 of the SOI substrate 100. The method of separating these p 
channel MOS. FET21 and n channel MOS FET22 from other components is a self-discrete 
type with which each other is separated by detaching a predetermined distance. In this 
drawing (b), by the dielectric isolation construction in which the isolation region 26 which 
divides between components into the silicon layer 3 of the SOI substrate 100 is formed 
with a dielectric, p channel MOS FET2 1 and n channel MOS FET22 are formed in this 
separated silicon layer 3a, and it dissociates from other components. In addition, the 
packed bed with which 23 separates between components, as for the field oxide which 
secures pressure-proofing, and 24, the isolation region for isolation is filled up with an 
interlayer insulation film, and, as for 25, polish recon etc. is filled up, and 26 are isolation 
regions which separate between components. 

[00 1 9] Although p channel MOS FET2 1 and n channel MOS FET22 were made into the 
example, elsewhere, a bipolar transistor, high proof-pressure components, and these 
components may combine the component formed in this example, and it may be formed in 
this SOI substrate 100. 
[0020] 

[Effect of the Invention] According to this invention, before making the oxygen density of a 
silicon substrate or more [ 1.5x101 8cm - ] into three and combining a silicon layer through 
an insulating layer in the process which manufactures a SOI substrate, by performing 600 
degrees C to 900 degrees C, and heat treatment for 10 minutes or more, junction leak of 
the semiconductor device formed in a silicon layer is decreased, and degradation of gate 
pressure-proofing can be prevented. By that, the dependability of a semiconductor device 
improves and mass-production nature's can improve. 
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[Brief Description of the Drawings] 
•- (Drawing 11 The important section sectional view of the SOI substrate of the 1st example of 
this invention 

• . [Drawing 21 At the production process of the SOI substrate of the 2nd example of this 
invention, this drawing (a) to this drawing (c) is an important section process sectional 
view shown in order of the process. 

[Drawing 31 For the semiconductor device of a self-discrete type, and this drawing (b), in 
the important section sectional view of the semiconductor device using the SOI substrate 
of this invention, this drawing (a) is drawing having shown the semiconductor device of a 
dielectric discrete type. 
[Description of Notations] 

1 Silicon Substrate, 

2 Seven Insulating iayer 

3 3a Silicon layer 

4 Defective Layer 

5 Six Defect-free layer 
8 2nd Silicon Substrate 

1 1 Deposit Nucleus 

1 2 Crystal Defect 

1 3 Polish Section 

21 P Channel MOSFET 

22 N Channel MOS FET 

23 Field Oxide 

24 Interlayer Insulation Film 
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[Drawing 11 
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[Drawing 21 
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[Drawing 31 
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